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AUXILIARY ELECTROLYTE SYSTEM

This invention relates to electrochemical batteries
having an auxiliary system for circulating a liquid elec-
trolyte in batteries.

The good performance which has been shown by sev-
eral of the new sources of current, such as metal air
batteries, fuel batteries, and improved versions of the
traditional batteries, particularly lead and alkali batter-
ies, has its basis not only in more effective electrode
material with better structure and higher activity, but
also in improved electrolyte systems. Such improved
electrolyte systems normally involve circulation of the
electrolyte to thereby provide a number of advantages,
among these being for better control of the terminal
conditions in the batteries, the possibility for continual
filtering and replenishing of the electrolyte, an equal-
ization of difference in concentration, and control of
the electrolyte level.

In the past, the electrolyte has been circulated
through the electrolyte space of the battery with the
help of an electrolyte pump. The system required for
circulation of the electrolyte; which is considered as an
electrolyte auxiliary system, contains other electrolyte
carrying parts of the battery than the spaces between
the electrodes, and includes the container for the elec-
trolyte, circulation pump, heat exchanger, equipment
for process control, level gauge, etc. Such auxiliary sys-
tems were initially developed for fuel batteries and
metal air batteries, but in recent times have also.been
used in improved versions of the traditional accumula-
tors, particularly bipolar Jead-acid batteries and bipolar
alkali accumulators. In this latter case, the principal
factor contributing to a higher performance is equaliza-
tion of concentration in the electrolyte layer next to the
electrodes. By storing a portion of the electrolyte in' a
special electrolyte container, the electrodes can be
placed closer to each other, which feature can be used
advantageously in lead-acid batteries.

An important practical aspect in regard to larger bat-
teries consisting of many cells is that necessary controls
for the constituency of the electrolyte are facilitated by
the use of an auxiliary circulation system, in that mea-
suring can be done at one point in the auxiliary electro-
lyte system instead of in each cell. This has a great im-
portance, for example, with batteries for electrical ve-
hicles. As is known, in batteries for traction vehicles,
each cell vessel has an inspection hole for determining
the liquid level in the cell, for sampling the electrolyte
and for adding liquid when required. This inspection
process is time-consuming for large batteries with many
cells. This practical aspect is, of course, of equal impor-
tance cven for the new power sources such as fuel bat-
teries and metal air batteries.

Auxiliary electrolyte circulation systems require
electrolyte connections between the different cell con-
tainers. If the cells are at different electrical potentials,
there will be electrical current leakage through the
electrolyte connections. Leakage, which consequently
represents a continual internal burden, contributes to
a self-discharge and decreases the level of battery per-
formance. One technique used previously to keep cur-
rent leakage down was to reduce the area and to in-
crease the length of the electrolyte piping connections
between electrolyte spaces of different electrical po-
tential. Another such technique has been to make tem-
porary interruptions in the electrolyte connections by
injecting gas into the liquid electrolyte flow, as by me-
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2
chanical drop-formers which break up the liquid elec-
trolyte flow or by intermittently operating closing
vents.

In terms of design, the auxiliary electrolyte system
has become quite complex as a result of the problems
associated with the proper control of the electrolyte
constituency and the electrical leakage. Batteries with
special auxiliary electrolyte systems consequently often
required a higher volume per cell unit, gave lower
operation reliability, and were more expensive to build
than conventional batteries without special auxiliary
systems. Such disadvantages were the price which had
to be paid for the advantage of better utilization of
electrode material, higher effective electrical current
withdrawal, higher permissible temperature, and more
simple supervision.

It is an object of the present invention to provide a
novel auxiliary electrolyte system which gives a surpris-
ingly simple solution to the problems mentioned above
without sacrificing the enumerated advantages of the
auxiliary electrolyte system.

Another object is to provide a new manner of arrang-
ing the electrolyte particularly in batteries having the
electrodes of a cell constructed in the form of a pile
with at least two cells connected electrically in series
and inside electrolyte spaces between the electrodes
being connected with outside electrolyte containing de-
vices in such way that the electrolyte circulates be-
tween the outside and inside electrolyte spaces by
means of tubelines, channels, and other connecting de-
vices limiting electrical current leakage.

A further object is to provide a novel auxiliary elec-
trolyte system for use with a battery having at least two
cells connected electrically in series and characterized
by the fact that the battery pile with its inside electro-
lyte space is in its turn arranged in the same housing
which serves as the container providing the electrolyte
space.

Still another object is to provide in an electrochemi-
cal battery an improved auxiliary liquid electrolyte sys-
tem which is charactized by having a container for the
common reservoir of electroltye that is located beneath
the electrodes to collect by gravity flow from the struc-
tures serving as the electrodes the electrolyte which is
leaked or expelled from the inside electrode spaces.
While advantages accrue from having the electrodes
above the electrolyte surface in the reservoir, it is also
contemplated that the electrodes may be partially sub-
merged in the electrolyte reservoir.

Other objects and advantages will become apparent
from the claims from the description as it proceeds in
connection with the accompanying drawings wherein:

FIG. 1 is a diagrammatic view of a typical prior art
battery and auxiliary electrolyte system;

FIG. 2 is a view similar to FIG. 1 but of a battery and
auxiliary electrolyte system embodying the present in-
vention;

FIGS. 3 and 4 are diagrammatic showings of other
embodiments of a battery and auxiliary electrolyte sys-
tem in accord with the present invention where the
piles are partially sunk or submerged in the outer elec-
trolyte;

FIG. 5 is a view in elevation showing diagrammat-
ically a group of piles arranged in columns and rows all
within a large container which also serves as a reservoir
for the outside electrolyte;
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FIG. 6 is a view similar to that of FIG. 3;

FIG. 7 is a diagrammatic plan view of a cell or pile
as illustrated in FIGS. 3-6 with no upper cover mem-
ber; and

FIG. 8 is a view similar to FIG. 7 showing a perfo-
rated cover.

With reference to the drawings, FIG. 1 shows a prior
art technique where a battery pile 2 having an inner
electrolyte space 1 is connected to be in fluid commu-
nication with an auxiliary electrolyte container 3 con-
taining a liquid electrolyte 4. Each battery pile 2 nor-
mally consists of two or preferably more electrodes
with each electrode usually being comprised of a plu-
rality of separated plates. The inside space between the
individual adjacent plates of each electrode is adapted
to be filled with the liquid electrolyte. The liquid elec-
trolyte 4 is circulated into the battery by means of a cir-
culation pump 6 through inlet channel 5 which may
comprise pipes of an electrolyte resistant insulating ma-
terial and is removed through an outlet channel 7 of a
similar pipe material.

Inlet channel 3 may consist of a main channel 8 with
secondary branch channels 9 which later unite at one
end with the main channel 8 and at the other end with
the inside electrolyte spaces 1. The inlet channel 5 may
be arranged within or outside the battery pile or in a
combination arrangement, for example, with the main
channel 8 lying outside the battery piles with connec-
tions to secondary channel 9 arranged as elements in a
battery pile. Electrolyte is pumped through channels 8
and 9 into the inside electrolyte spaces between the
electrodes and forced upwardly into channel 7 and
thereafter returned to container 3.

FIG. 2 is a drawing of a system similar to that de-
scribed in connection with FIG. 1, but embodies the
present invention. The electrode pile 2, which may be
a rigid assembly of electrode plates held together in a
conventional manner and mounted to inter-cell con-
nectors or terminals (not shown) has inside electrolyte
spaces 1 which are between the electrodes. The pile 2
is disposed within an inner chamber defined by the con-
tainer 3. A common reservoir of electrolyte 4 is carried
within this chamber. The electrolyte is forced upwardly
through auxiliary channels 9 and through inside elec-
tralyte spaces 1 by means of pump 6. The electrolyte
is forced outwardly from the top of the electrode pile
2 and into channel 7 which discharges by gravity
through channel 10.

The system as illustrated in FIG. 2 is characterized
by, among other things, the outlet channel 10 which re-
turns the electrolyte from the inner electrotyte space 1
being above the upper surface level which the electro-
lyte pool has in the outer electrolyte space 4. An elec-
trolyte upper surface level that is beneath the elec-
trodes in pile 2 allows for good contact between the
outpouring electrolyte and the gas space 11 in the cell
container 3, which can be used, for example, for cool-
ing and/or removing reaction water in hydrogen air bat-
teries. Another advantage of a low electrolye level in
the container 3 is that the battery system can be tilted
without the outer electrolyte reaching up to the upper
edge of container 3 or to the battery cover 12 and there
making contact with, for example, tracks, terminals,
etc. (not shown) which are advantageously placed on
the topside of the pile 2. Gas in the electrolyte as a re-
sult of gas formation on the electrodes or by gas leak-
age through gas diffusion electrodes, such as air, oxy-
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gen, or hydrogen gas electrodes, can often lead to a
blocking of the outlet leads for electrolyte, particularly
in larger batteries. This may result in serious opera-
tional disturbances with gas-filled electrolyte spaces.
The present invention with free electrolyte outlets ob-
viously eliminates disturbances of this kind in a very ef-
fective and simple manner.

The dimensioning of the main channels 8 and the sec-
ondary channels 9 in the arrangements according to
FIGS. 2-6 takes place in the known manner, so that
electrolyte leakage is kept at an acceptable level with-
out a loss in pressure and without the working of the
pump being overloaded. The invention provides a sur-
prising and a very significant simplification of this con-
nection problem in that the outlet lead 7 with its main
channel and secondary channels can be advantageously
eliminated, as illustrated in FIGS. 7 and 8. The electro-
lyte in the inside electrolyte spaces may, as illustrated
in FI1G. 7, pass via openings or ports 14 in a thin cover
member 16 extending from the upper part of the inside
electrolyte space. The expelled electrolyte can then run
as film, rivulets, or in the form of drops on the outside
of the piles 2 or casings therefore, to unite with the
electrolyte in the reservoir 4 in container 3.

The outer surfaces of the piles 2, or casings therefore,
are preferably provided with suitable grooves 15 to sep-
arate the electrolyte flow from the different inner elec-
trolyte spaces. In FIG. 7, two cells 18 and 19 are illus-
trated which have a common dividing wall at 20. The
ridge 20 on the side walls separates the electrolyte ex-
pelled from the top of one pile from the electrolyte ex-
pelled from the top of another pile. Where the piles are
connected electrically in series as by straps 21 and 22,
the electrolyte from each cell is kept separate until it
unites with reservoir 4.

This is a particularly suitable way in which the inven-
tion provides several important advantages. Electrical
current leakage can be kept down where the piles 2 are
connected electrically in series without recourse to
area and length limitations of discharge canals, as illus-
trated in the embodiment of FIG. 2, which require
greater pump pressures. As a result, there is greater
freedom in dimensioning the intake canals for the
lower electrical leakage, and a more equal electrolyte
distribution between the different electrolyte spaces in
the battery piles 2. Also, less pumping power is re-
quired as compared with the arrangement according to
FIG. 2.

It is also possible to use a free outlet at the electrolyte
space’s upper part as illustrated in FIG. 8, rather than
to use a cover 16 with ports 14 as shown in FIG. 7. The
structure of FIG. 8 provides a spillway for expulsion of
the electrolyte. This technique is particularly advanta-
geous in the charging of metal air batteries, in that the
oxygen which has formed is therby quickly separated
from the electrolyte.

Electrical current leakage occurs in the connections
between electrodes where the difference in potential
exceeds the open circuit voltage of a cell unit. Such
leakage consequently takes place only with two or
more cells connected electrically in series. As is appar-
ent, the invention has particular benefit with batteries
consisting of at least two cells connected in series, with
a common outside electrolyte but with inside electro-
lyte spaces at different electrical potentials, since leak-
age-limiting connections are essential in this situation.
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‘Another characteristic of the present invention is
that, if the battery cell is punctured with electrolyte
leakage as a result, the leaked electrolyte will unite
with the outside electrolyte in the container under all
practical operating conditions. A very great advantage
of the invention is obviously that battery pile or cell 2
does not have to be completely liquid-tight; minor leak-
age of electrolyte through the sealing surfaces at the
input connections to the pile or cell 2 are collected in
the container and in this manner are returned to the
electrolyte reservoir. Because of this advantage, one
does not have to undertake difficult welding or use a
sealing construction of the battery pile with O-rings,
which has a great economic significance.

Referring now to FIG. 3, an arrangement is illus-
trated where two piles or cells 2 are suitably supported
inside the chamber defined by the container 3 which
holds the reservoir 4 of the electrolyte. Pump 6 may be
any suitable pump of known type which, in the case of
piles 2 being connected electrically. in series, will pro-
vide electrical isolation between the piles 2 by inter-
jecting air bubbles in the channels § which lead to inlet
ports at the bottoms of piles 2. The tops of piles 2 may
be open as illustrated in FIG. 8 or have outlet ports as
illustrated in FIG. 7, and the expelled electrolyte al-
lowed to run along the outside surfaces of the piles 2
under the influence of gravity to unite with the electro-
Iyte in the common reservoir 4.

As is evident from the embodiments illustrated in
FIGS. 3, 4, and 6, a battery pil¢ 2 may ‘be sunken or
‘submerged to a larger or smaller degree in the electro-
lyte reservoir 4 in the container 3. The circulation be-
tween the inner and outer electrolyte spaces can be
easily accomplished as by injecting gas into the inner
electrolyte space 1 to utilize the airlift effect. In the
case where there is only one cell or pile 2, see FIG. 4,
or if the piles 2 are connected electrically in parallel,
a pump 6 may be placed in the inlet canal 5 and elec-
trolyte forced upwardly through the piles or cells 2.

With reference to FIG. §, several piles 2 are disposed
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in a common cell container 3 side by side and run over

each other on different levels or decks. The electrolyte
pump 6 and apparatus for cooling, controlling, etc. of
the electrolyte may be outside or inside the cell con-
tainer 3. If inside the container 3, these components
may be placed in a special system box, for example, in
the upper portion of the cell container, or they can be
mounted on the underside of cover 12 as illustrated.
The cells or piles 2 may be connected electrically to-
gether in series, in parallel or part in parallel and parts
in series all as is well known in the art.

Although the invention has been described with pre-
ferred embodiments, it is to be understood that varia-
tions and modifications may be resorted to as will be
apparent to those skilled in the art. Such variations and
" modifications are to be considered within the purview
and scope of the claims appended thereto.

I claim:

1. An electrochemical battery comprising:

a container defining an inner chamber;

a plurality of cells defined by casing means disposed
within said. chamber, at least some of said cells
being electrically interconnected in series to pro-
duce a battery voltage which is higher than the
voltage of a single cell;
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6

the casing means of each cell having bottom and
side wall means defining an inner space for the
reception of an electrolyte;

each cell including electrodes disposed within said
inner space, and )

the casing means of each cell including opening
means disposed at the top of the cell communi-
cating the inner space with said chamber;

a common reservoir of electrolyte carried within said

chamber;

the opening means at the top of each cell being dis-
posed above the level of electrolyte of said com-
mon reservoir;

means connected to said chamber for pumping elec-

trolyte

into a lower portion of each cell from said reser-
voir,

upwardly through the inside space of each cell and
between said electrodes,

through said opening means into said chamber, and

into a downward gravitational flow along an outer
surface of each cell, toward said common reser-
voir;

wall means disposed across the tops of adjacent
cells which are at different potentials to maintain
the electrolyte expelled therefrom separate; and

means for maintaining the electrolyte expelled
from the top of one cell and flowing down the
outer surface thereof separate from the electro-
lyte expelled from the top of an adjacent cell and
flowing downwardly along the outer surface
thereof. :

2. An electrochemical battery according to claim 1
wherein said opening means comprises a plurality of
recesses at the top of each cell communicating the in-
side space with said chamber.

3. An electrochemical battery according to claim 1
wherein each cell is substantially completely open at its
top.

4. An electrochemical battery as defined in claim 1
wherein the lowest part of the cells is immersed in the
electrolyte in said common reservoir.

5. An electrochemical battery as defined in claim 1
wherein said battery comprises a first group of cells po-
sitioned at a first distance above the upper surface level
of the electrolyte in said common reservoir and a sec-
ond group of cells positioned above said first group of
cells to be at a second distance greater than said first
distance above the upper surface level of the electro-
lyte in said reservoir.

6. An electrochemical battery as defined in claim 1
wherein said battery comprises a first group of cells po-
sitioned at a first distance above the upper surface level
of the electrolyte in said common reservoir and a sec-
ond group of cells positioned above said first group of
cells to be at a second distance greater than said first
distance above the upper surface level of the electro-
lyte in said reservoir.

7. An electrochemical battery comprising:

a container defining an inner chamber;

a plurality of cells defined by casing means disposed
within said chamber, at least some of said cells
being electrically interconnected in series to pro-
duce a battery voltage which is higher than the
voltage of a single cell;
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the casing means of each cell having bottom and
side wall means defining an inner space for the
reception of an electrolyte;

each cell including electrodes disposed within sald
inner space, and

the casing means of each cell including opening
means disposed at the top of the cell communi-
cating the inner space with said chamber;

a common reservoir of electrolyte carried within said

chamber;

the opening means at the top of each cell being dis-
posed above the level of electrolyte of said com-
mon Feservoir;

means connected to said chamber for pumping elec-

trolyte

into a lower portion of each cell from said reser-
volir,

upwardly through the inside space of each cell and
between said electrodes,

through said opening means and into said chamber,
and

into a downward gravitational flow along an outer
surface of each cell, toward said common reser-
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8
voir,
wall means disposed across the tops of adjacent cells
which are at different potentials to maintain the
electrolyte expelled therefrom separate; and

channel means formed in an outer side wall surface
of each cell casing for maintaining the electrolyte
expelled from the top of one cell and flowing down
the outer surface thereof separate from the electro-
lyte expelled from the top of an adjacent cell and
flowing downwardly along the outer surface
thereof.

8. An electrochemical battery according to claim 7
wherein said opening means comprises a plurality of
recesses at the top of each cell communicating the in-
side space with said chamber.

9. An electochemical battery according to claim 7
wherein each cell is substantially completely open at its
top.

10. An electochemical battery as defined in claim 7
wherein the lowest part of the cells is immersed in the

electrolyte in said common reservoir.
* * * * *



